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Ultrastructural Studies of the Abdominal 
Plaques of Some Diptera 
JOHN G. STOFFOLANO, JR.,I NORMAN E. WOODLEY,2 
ART BORKENT,3 AND LUCY R. S. YIN4 
Ann. Entomol. Soc. Am. 81(3): 503-510 (1988) 
ABSTRACT Light microscopy revealed cuticular plaques restricted to the abdomens of 
both sexes of four species of brachycerous flies: Tabanus nigrovittatus Macquart, Apiocera 
barri Cazier, Hydrophorus viridiflos (Walker), and Dolichopus consanguineus (Wheeler). 
Using SEM, these plaques proved glabrous and unsculptured. Only at high magnification 
did they show small pits. TEM of the plaques showed the cuticle in this region is traversed 
by numerous muscle attachment fibers which extend from just below the epicuticle to the 
base of the cuticle, where they connect to the microtubules of the tendinous epidermal cells. 
These fibers or tonofibrillae serve as the attachment sites for underlying muscles. In our 
study, however, no muscles were found in the older adults examined. Based on comprehensive 
examination of museum specimens and the presence of plaques only in the Nematocera and 
orthorrhaphous Brachycera, we suggest that these plaques were sites of attachment for muscles 
used by the pupa for abdominal movements that assist in locomotion and for muscle action 
that assists the pharate adult in rupturing the pupal case for eclosion. Following emergence, 
these muscles degenerate in a programmed cell death. Absence of the plaques in the Mus-
comorpha (Cyclorrhapha) is postulated to be a synapomorphy for this group of flies, correlated 
with their immobile pupa and different mode of emergence. 
KEY WORDS Insecta, abdominal plaques, tonofibrillae, phylogeny 
THE TEMPERATURE RECEPTORS of horse flies (Dip-
tera: Tabanidae) have not been located (Dethier 
1957). Consequently, in 1983 we began an inves-
tigation to locate them in the salt marsh greenhead, 
Tabanus nigrovittatus Macquart. Prior to our stud-
ies, however, we found a reference by Bromley 
(1926, 456) on the external anatomy of the black 
horse fly, Tabanus atratus F., in which he stated 
.. sculpturings or the so-called sense-pits are present 
in definite areas of both tergites and sternites. Their 
significance is not clearly understood" (Fig. 1). 
Because Evans & Kuster (1980) reported on the 
infrared sensory pits of the black fire beetle, M el-
a nophila acuminata DeGeer (Coleoptera: Bupres-
tidae), which at the light microscope level are sim-
ilar in shape to the "sense-pits" of T. nigrovittatus, 
,,-e decided to examine, using a scanning electron 
microscope (SEM) and a transmission electron mi-
croscope (TEM), the so-called sense-pits of Brom-
ley to see if they were thermoreceptors. As the 
study progressed, howeve'r, contact with N.E.W. 
led to the discovery that these "sense-pits" occur 
on virtually all flies in the suborders Nematocera 
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and Brachycera "Orthorrhapha." Thus, their func-
tion as thermoreceptors was questioned. 
Here we report the results of our examination 
of the "sense-pits" using SEM and TEM, and our 
survey of museum specimens of Diptera to discover 
how widely the pits are distributed within the or-
der. Our examination and survey suggest a function 
for these structures. Throughout the remainder of 
this report, we use the term "plaque" rather than 
"sense-pit" because we feel that these structures 
serve no sensory function. 
Materials and Methods 
Tabanus nigrovittatus females were collected 
from the salt marshes of Essex County, Mass., using 
visual box traps (Granger 1970), and males were 
obtained by sweeping. Other flies for SEM studies 
were museum specimens preserved in 70% ethyl 
alcohol provided by one of us (N.E.W.). 
Flies for SEM studies were either taken through 
to 100% ethyl alcohol (preserved specimens) or were 
air-dried (dead specimens from traps and sweep-
ing), and were coated with gold-palladium using 
a Polaron Sputter Coater (Polaron Instruments, Line 
Lexington, Pa.) and scanned with an lSI Super III 
electron microscope (International Scientific In-
struments, Avon, Conn.). 
Postemerged T. nigrovittatus females were fixed 
for TEM with 2.5% glutaraldehyde in 0.1 M so-
dium cacodylate buffer and postfixed with 1 % 
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OsO~. Specimens were dehydrated through an eth-
anol series and embedded in Spurr's medium. Thin 
sections were stained with uranyl acetate and lead 
citrate and examined with a Zeiss EM9S2 electron 
microscope. 
A survey of museum specimens was conducted 
to ascertain how widespread the cuticular plaques 
are within the Diptera. A total of 112 families of 
Diptera was examined-essentially all those listed 
in chapter 1 of the Manual of Nearctic Diptera 
(McAlpine et al. 1981). In addition, the families 
Perissommatidae, Pantophthalmidae, Sciadoceri-
dae, and Ironomyiidae, which occur only outside 
the N earctic Region, were examined. The survey 
was not exhaustive within families; in general, two 
to five genera were examined from each. Usually 
more genera were examined in those families in 
which plaques were not observed. 
The terminology used to describe the plaques 
was taken from Harris (1979); our concept of the 
Muscomorpha follows that of McAlpine et al. (1981). 
Voucher specimens of T. nigrovittatus have been 
deposited in the museum collection of the De-
partment of Entomology, University of Massachu-
setts, Amherst. 
Results and Discussion 
Fig. 1 shows a line drawing taken from Bromley 
(1926) and a SEM photograph taken in our labo-
ratory of abdominal plaques found in a female T. 
atratus. These confirm that the plaques of our study 
are the same as those described by Bromley. SEM 
photographs of female (Fig. 2-5) and male (Fig. 6 
and 7) T. nigrovittatus showed that the plaques 
are located only on the abdomen, occur in both 
sexes, are glabrous and unsculptured (i.e., exhibit 
no cuticular outgrowths; Fig. 4 and 7), and show 
pitting of the cuticle only at higher magnification 
(Fig. 5). The pits of the plaque shown in Fig. 5 are 
about 400-1,300 A in diameter. SEM photographs 
of three other species-Apiocera barri Cazier (Api-
oceridae), Hydrophorus viridijlos (Walker), and 
Dolichopus consanguineus (Wheeler) (Dolicho-
podidae)-clearly show these plaques on the ab-
domen and their similarity to those of T . nigrovit-
tatus (Fig. 8-13). In all these species, the plaques 
varied in size (T. nigrovittatus female, 25 by 80 
~m; T. nigrovittatus males, 15 by 75 ~m; A. barri, 
23 by 75 ~m; H. viridiflos, 40 by 75 ~m; and D . 
consanguineus, 35 by 70 ~m) and location. The 
plaques of T . nigrovittatus and A. barri are more 
numerous (20-50 per segment on each side), ir-
regular in shape, and scattered over the abdominal 
tergites and sternites (Fig. 2 and 8); whereas those 
of H. viridiflos and D. consanguineus are fewer 
(3-4 per segment on each side), more regular in 
shape, and located only on the lateral edges of the 
tergites (Fig. 10 and 12). 
In our survey of the Diptera, the plaques were 
observed in all seven infraorders of Nematocera 
Fig. 1. Line drawing taken from Bromley (1926, 
Fig. 10) showing the "sense-pits" on the abdomen of 
Tabanus atratus. The indicated group of plaques on 
segment 5 in the line drawing is shown below in an SEM 
photograph of a female Tabanus atratus. (Line drawing 
used with permission of the Entomological Society of 
America.) 
but not in all families. Plaques were not found in 
Blephariceridae, Deuterophlebiidae, Bibionidae, 
Mycetophilidae, Psychodidae, Scatopsidae, Syn-
neuridae, or Culicidae. It is entirely possible that 
the plaques occur in some of these families but 
were obscured by their small size or the dense 
vestiture. 
We observed plaques in all families of the 
brachycerous infraorders Tabanomorpha and 
Asilomorpha except the Acroceridae. Members of 
these taxa are generally larger in size, facilitating 
observation. All 66 families of the infraorder Mus-
comorpha (=Cyclorrhapha) examined lacked the 
cuticular plaques. Consistent with our SEM studies, 
the plaques in all museum specimens examined 
were glabrous and unsculptured and occurred in 
both sexes. 
Thus, the SEM studies and museum survey 
changed our original hypothesis that these plaques 
were temperature receptors. Because they are found 
on both sexes of tabanids and only females take 
blood meals, doubt was cast that they were tem-
perature receptors. In addition, the. plaques occur 
widely in nonhematophagous Diptera, spanning 
virtually the entire ecological breadth of the order. 
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Fig. 2-5. (2) Ventral view of Tabanus nigrovittatus, female, showing the first abdominal sternite and a haltere 
IH). The series of plaques are shown within the frame. Bar, 1 mm. (3) Higher magnification of the framed region 
in Fig. 2, showing at least 20 plaques (arrows) lacking cuticular outgrowths. Bar, 100 ~m. (4) Higher magnification 
of one of these plaques, surrounded by cuticular outgrowths in the adjacent area. Bar, 10 ~m. (5) An enlargement 
of the framed area in Fig. 4, showing the pitted surface of the cuticle (arrows). Bar, 1 ~m. 
This also casts serious doubt on any possible ther-
moreceptor function. 
We then studied cross sections of the cuticle of 
T. nigrovittatu8 with TEM. The region outside the 
plaques showed a typical arthropod cuticle devoid 
of vertically oriented fibers (Fig. 14). In the plaque 
region, however, we were surprised to find nu-
merous vertically oriented fibers extending from 
the base of the cuticle to the epicuticle (Fig. 14 
and 15). In addition, these fibers continued below 
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Fig. 6-9. (6) Ventral view of Tabanus nigrovittatus, male, showing the first and second abdominal sternite. 
At least 20 plaques (within frame) are shown on first sternite. Bar, 0.5 mm. (7) Higher magnification (of Fig. 6) of 
some plaques devoid of cuticular outgrowths but surrounded by cuticular outgrowths. Bar, 10 /-Lm . (8) Ventral view 
of Apiocera barri Cazier (Apioceridae) showing the first and second abdominal segments with series of plaques. 
Bar, 0.5 mm. (9) Higher magnification of a plaque shown in Fig. 8, also showing the cuticle devoid of cuticular 
outgrowths. Bar, 10/-Lm. 
the cuticle and into the underlying epidermal cells 
(Fig. 16). In epidermal cells adjacent to or outside 
the region of the plaque, these fibers were lacking 
(Fig. 14 and 16). 
These fibers actually are specialized epidermal 
cells (termed " tendinous epidermal cells" by Lai-
Fook 1967) containing numerous microtubules (Fig. 
17) which usually provide the connection between 
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Fig. 10-13. (10) Ventral vIew of Hydrophorus viridiflos (Walker) (DoHchopodidae), female, showing rows of 
oval-shaped plaques on lateral edges of tergites (arrows). Bar, 1.0 mm. (11) Higher magnification of one of the 
plaques shown in Fig. 10, showing the lack of cuticular outgrowths; however, some slender indentation of the 
cuticle is apparent. Bar, 10 JLm. (12) Lateral view of Dolichopus consanguineus (Wheeler) (Dolichopodidae), male, 
showing rows of oval-shaped plaques located on the lateral edges of its tergites (arrows). Bar, 1.0 mm. (13) Higher 
magnification of the plaque shown in Fig. 12, which is also devoid of cuticular outgrowths. Bar, 10 JLm. 
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Fig. 14-17. (14) Cuticle near the edge of a plaque from female T. nigrovittatus. The cuticle of the plaque 
(P) is embedded with numerous tonofibrillae (T) structures which continue to the underlying epidermal cell (E). 
Some of the tonofibrillae run to the surface of the cuticle (short arrow), whereas the cuticle adjacent to the plaque 
lacks the tonofibrillae. Note the length of the tonofibrillae. Bar, 1.0 ~m. (15) Higher magnification of cuticle (shown 
in Fig. 14) of a plaque showing tonofibrillae (T) passing through the lumen of a pore canal (P). Note each tonofibrilla 
consists of a thin continuous outer electron dense line and an inner, more homogenous rod. Bar, 1.0 ~m. (16) Section 
through plaque showing that the long tonofibrillae (T) are continuous with the specialized tendinous epidermal cell 
beneath the plaque. A nucleus (N), many multivesicular bodies (MB), and a cell junction (J) are present. Bar, 5 ~m. 
(17) Higher magnification of a section at the base of cuticle (C) showing the organization of tonofibrillae (T) in a 
tendinous epidermal cell. Tonofibrillae consist of an outer electron dense line and the inner, more homogenous rod. 
Note that the numerous microtubules (MT) are closely related to the tonofibrillae. Bar, 2 ~m. 
:\lay 1988 STOFFOLANO ET AL.: ABDOMINAL PLAQUES IN DIPTERA 509 
111\'ofibrils of the underlying muscles and the ver-
ti~ally oriented muscle attachment fibers of the 
o\erlying cuticle (Le., the plaques of this study) 
(Lai-Fook 1967, Caveney 1969). As in other ar-
thropods, the tonofibrillae (=microtubules of the 
tendinous epidermal cells and the muscle attach-
ment fibers of the overlying cuticle) provide at-
tachment sites for the underlying muscles (Lai-
Fook 1967, Caveney 1969). Our TEM studies also 
confirmed (as has been found in other insects) that 
the muscle attachment fibers of the cuticle are nar-
ro\\'er in cross section (210 A) than in the micro-
tubules (230 A) of the tendinous epidermal cells, 
that the attachment fibers pass through the cuticle 
inside pore canals (Fig. 15), and that they terminate 
just below the cuticulin layer (Fig. 15). 0 
The pore canals varied in size (700-1,400 A), 
and the diameter of the external pores or pitting 
of the plaques was about 950 A. This measurement 
of the pores from our TEM studies (Fig. 15) cor-
relates with our SEM studies (Fig. 5)-the size of 
the pores, using SEM, measured about the same as 
that obtained from our TEM measurements. Con-
sequently, the pitting of the plaques, which can be 
seen only at high magnification using SEM, can 
now be explained based on other studies. Lai-Fook 
(1967) showed that these interruptions in the epi-
cuticle (compare Fig. 5 and 15) are caused by the 
tonofibrillae. Other ultrastructural features are 
multivesicular bodies in the tendinous epidermal 
cells and numerous gap junctions attaching the ten-
dinous epidermal cells to their neighbors (Fig. 16). 
According to Locke (1967), all epidermal cells con-
tain multi vesicular bodies and presumably are in-
\olved in storing and breaking down protein taken 
up from the hemolymph. 
We have shown thus far that the pitting of the 
plaques is caused by the tonofibrillae, which pass 
from the epicuticle region through the cuticle and 
into the underlying epidermal cells. Here they take 
on a different structure. It appears that these ten-
dinous epidermal cells are programmed to provide 
the insect with muscle attachment devices. Locke 
(1967) does not discuss this particular aspect of the 
functions of epidermal cells, but it would be most 
interesting to know what determines the fate of 
tendinous epidermal cells: Is it the contact with the 
muscle fiber? 
What then was the function of the muscles at-
tached to these plaques? Examination of adult T. 
n igrovittatus failed to show such muscles. Could 
muscles once attached subsequently have degen-
erated? By examining diverse groups of adult Dip-
tera, we were able to formulate an hypothesis to 
account for the presence of these plaques, which 
occur only in the nematocerous and "orthorrha-
phous" brachycerous flies. We propose that these 
plaques are regions of cuticle above tendinous epi-
dermal cells that once po~sessed special muscle sets 
used by the pupa for abdominal movements and 
for eclosion of the pharate adult. Because the cu-
ticle of the pharate adult is closely appressed to the 
pupal cuticle in these areas, bare, shiny plaques 
result in the fully hardened adult. Once the adult 
has emerged, the muscle sets degenerate. 
The majority of nematocerous and brachycerous 
pupae is active throughout development and, in 
particular, all these pupae use abdominal move-
ments to move from the location of their devel-
opment (Le., deep in soil, below the water surface, 
etc.) to the site of adult emergence. It is this group 
of Diptera to which abdominal plaques are re-
stricted. We propose that the adult abdominal 
plaques are the sites of abdominal muscles that 
ensure this continuous pupal mobility. The Ble-
phariceridae and Deuterophlebiidae may lack 
plaques because their pupae are firmly cemented 
to rocks in streams and rivers; thus these flies prob-
ably do not move their abdomens. The absence of 
plaques in the few other nematocerous groups in 
which we failed to find them is, however, inexpl-
icable. 
The major exception to pupal abdominal move-
ment within the Diptera is in the Muscomorpha, 
including Aschiza. These flies have immobile pu-
pae enclosed in a puparium formed from the last 
larval cuticle. We have not found abdominal 
plaques in any Muscomorpha, and we suggest that 
this reflects lack of pupal movement and conse-
quent loss of attachment of abdominal muscles to 
the pupal cuticle in the pharate adult. 
In a comparable case, the abdominal cuticle of 
pupal chironomids (Nematocera) exhibits bare cu-
ticular areas that we believe are analogous with 
the plaques found in adults. They are arranged 
somewhat more evenly on the pupa (see Borkent 
1984, Fig. 56E) than on adult tergites but otherwise 
resemble the plaques on slide-mounted adult Nem-
atocera. Many chironomid larvae move their ab-
domens continuously (probably to ensure adequate 
respiration) and do so before, during, and after 
pupal emergence. Such movement is probably ac-
complished by pupal abdominal muscles anchored 
to the larval cuticle and is reflected by the presence 
of pupal plaque areas. Hinton (1958) discussed sim-
ilar muscles in sim uliids which are carried over 
from the larva to the pupal stage. 
We propose that in addition to aiding in pupal 
locomotion, the muscles attached to the plaques in 
Nematocera and Brachycera "Orthorrhapha" as-
sist the pharate adult in rupturing the pupal case 
(by increasing internal hemolymph pressure) and 
assist the pharate adult in inching its way out of 
the pupal case. 
Several investigators have demonstrated in widely 
diverse insect groups that specific muscle sets are 
used to emerge from the cocoon or a cuticular 
structure encasing the new instar (Finlayson 1975). 
In addition, these same studies showed that, fol-
lowing emergence, these muscle sets undergo pro-
grammed cell death (Finlayson 1975). 
As far as we are aware, no reports have been 
made concerning the mechanism(s) used by the 
more primitive dipterans to emerge from their pu-
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pal and puparial cuticles. However, flies in the 
Muscomorpha Schizophora use specialized muscles 
in the abdomen (Cottrell 1962) to increase hemo-
lymph pressure in the head. This pressure extrudes 
the ptilinum (at the anterior region of the head) 
(Cottrell 1964), a structure that assists in breaking 
off the cap of the puparium. The Muscomorpha 
Aschiza have a puparium but lack a ptilinum. Pre-
sumably, increased hemolymph pressure in the head 
region is involved in adult eclosion, as the anterior 
end of the puparium is popped off. We suggest that 
in all Muscomorpha the plaques have been lost, 
because the pupae no longer move and the abdom-
inal muscles are no longer attached to the pupal 
cuticle. The muscles apparently still function in 
adult eclosion by increasing hydrostatic pressure in 
the head region and degenerate shortly after adult 
emergence (Cottrell 1962). 
Regardless of the function of the plaques, it seems 
quite clear that the universal loss of the plaques in 
Muscomorpha is a synapomorphy for the infraor-
def. It has recently been speculated that the Ate-
lestus group of genera in the Empididae ("Ateles-
tidae" of Chv:ila 1983), a putative sister group of 
the Muscomorpha, might pupate within a pupar-
ium in a fashion similar to that found in the Mus-
comorpha (Kovalev 1987). Because abdominal 
plaques occur in all three genera of the group (Ate-
lestus Walker, Acarteroptera Collin, and Meghy-
perus Loew), we consider this quite unlikely. That 
the Atelestus group belongs within the Empidoi-
dea rather than being a clade grouped with the 
Muscomorpha is further supported by the presence 
of only one spermatheca in females (at least in 
Atelestus Chandler 1981), a synapomorphy of the 
Empidoidea. 
We hope that this study, in addition to disprov-
ing Bromley's contention that these cuticular 
plaques have a sensory function, will stimulate oth-
ers to investigate the specific function of these mus-
cle sets and their cuticular manifestations in nem-
atocerous and orthorrhaphous brachycerous 
Diptera. 
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